Introduction
Parkinson's disease (PD), a progressive and neurodegenerative disease, is pathologically characterized by loss of neural cells including dopaminergic neurons in different regions of the nervous system. The main clinical feature of PD is bradykinesia in combination with resting tremor, muscle rigidity, or both [1] . In addition, the patients suffer from nonmotor symptoms such as depression, hallucinations, cognitive disorder, and autonomic dysfunctions [2] [3] [4] [5] . Those symptoms appear and/ or worsen as PD progresses or by medication, and decrease a patient's quality of life (QoL). One important objective of pharmacological treatment is to improve those symptoms and patient's QoL. Anti-PD drugs are selected according to the clinical condition of each patient and the characteristics of each agent. The anti-PD drugs available in Japan can be categorized into 10 classes: levodopa, catechol-Omethyltransferase (COMT) inhibitor, non-ergot-and ergot-derived dopamine agonists (non-eDAs and eDAs), monoamine oxidase-B (MAO-B) inhibitors, anticholinergics, droxidopa, zonisamide, amantadine, and istradefylline [6] . In the present study, however, istradefylline was excluded from the analysis because its launch date in Japan (May 2013) was too close to the end date of the available data (December 2014).
Zonisamide was originally discovered as an antiepileptic agent in the early 1980s in Japan and subsequently was reported to ameliorate parkinsonism in PD patients in 2001 [7] . After several randomized controlled trials [8, 9] , zonisamide, an adjunct to levodopa, was approved as an anti-PD drug in 2009 in Japan. Although the mechanism of action of zonisamide for parkinsonism has not yet been completely clarified, zonisamide was reported not only to inhibit MAO-B [10] and T-type calcium channels [11] while enhancing tyrosine-hydroxylase activity and dopamine release [12] , but also to have neuroprotective effects [13] [14] [15] . In some clinical trials, significant effects of zonisamide on both motor and nonmotor symptoms in PD patients were reported [16, 17] . However, partly because zonisamide is off-label for PD except for in Japan, situations in which it is more suitable than other drugs have not been sufficiently elucidated. In this study, we analyzed a Japanese large claims database and assessed whether zonisamide use in PD patients was associated with the incidence of PD-relevant symptoms in comparison with other non-levodopa anti-PD drugs which are typically used as the second line therapy after levodopa. Because most patients prescribed zonisamide or other PD drugs used as second line drugs were also taking levodopa, we did not include levodopa as the comparison drug.
Methods

Study design
This study was an observational study using the claims data provided from the Medical Data Vision (MDV) Co., Ltd. (Tokyo, Japan). The claims data included those of patients treated in any of the Diagnosis Procedure Combination (DPC) hospitals in Japan from April 2008 to December 2014 (defined as a study period). The database includes hospitalization data, outpatient data, and prescription data. The detailed dataset in the database are as follows: diagnosis codes according to the International Classification of Diseases 10th revision (ICD-10) coding scheme by World Health Organization, disease names coded with Japanese Disease Name Codes, medical procedures coded with Japanese Procedure Codes, and prescription information containing generic drug names. It should be noted that when a patient is transferred to another hospital or clinic, his/her claims data could no longer be collected continuously.
This study was carried out in accordance with ethical standard as set out in the Declaration of Helsinki and approved by Ehime University's Institutional Review Board of Clinical Research Ethics (Study ID: 1609013). The study was registered in UMIN-CTR (UMIN000026890).
Patients
Patients who satisfied all of the inclusion criteria and who did not meet any of the exclusion criteria were eligible for this study. The inclusion criteria included a diagnosis of PD (ICD-10 code G20) during the observation period (period from the initial date of the database entry to the end of the study period or the loss of follow-up within the study period. The observation period may vary patient-by-patient), age of 40 years or older at the initial diagnosis of PD during the observation period, and prescription record of anti-PD drugs from the same single class without switching to/combination use with other drug classes excepting levodopa. All anti-PD drugs were identified by generic names and classified into 9 classes: levodopa, COMT inhibitor, non-eDAs, eDAs, MAO-B inhibitor, anticholinergics, droxidopa, zonisamide, and amantadine (Table 1) .
Patients who had only a diagnosis of Parkinson's syndrome (because the ICD code of G20 also includes several types of Parkinson's syndrome), and patients who had any diagnosis with the ICD codes of G21 (secondary parkinsonism), G22 (parkinsonism diseases classified elsewhere), and G23 (other degenerative diseases of basal ganglia), which are frequently misdiagnosed as PD, were excluded from this study.
Among patients selected according to the aforementioned criteria, those who had no diagnosis of a specified PD-relevant symptom before the index date (initial prescription date of any anti-PD drug class during the observation period) were eligible for the survival analysis of that symptom.
Variables
The patients eligible for the survival analysis of each symptom were divided into different groups based on the anti-PD drug classes they used, and the persistence periods of anti-PD drug therapies (period from the index date to the discontinuation date) among them were identified. Discontinuation was defined as no prescription for 90 days or more since the end of the last prescription. The persistence period was ended on the last day of the observation period if no discontinuation occurred.
In this study, the exposure was the use of one of 8 different classes of anti-PD drugs excepting levodopa, and the outcome was the incidence of PD-relevant symptoms (defined as event) during the persistence period. Total of 15 PD-relevant symptoms commonly developed by disease progression or medication in PD patients were selected and identified by ICD-10 codes in the analysis (Symptom names and corresponding ICD-10 codes are detailed in Table 2 ).
Statistical analysis
The time from the index date to each event during the persistence period of each anti-PD drug class was analyzed using a Cox proportional hazards model.
When no event occurred during the persistence period, it was censored at the end of the persistence period. Any event that occurred beyond the end of the persistence period was not included in the analysis. A Cox proportional hazards model included the independent variables of age, sex, and dummy variables of anti-PD drug classes excepting zonisamide (zonisamide was set as a baseline comparator). The significance of each variable in the model was tested using a 2-sided χ 2 test at a level of 0.05. The hazard ratio of using each anti-PD drug class compared with zonisamide was calculated.
The statistical analysis was conducted using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA). excluding those who had not been diagnosed with the ICD-10 code G20, those who had been diagnosed with any of the ICD-10 codes G21 to G23, and those who only had a diagnosis of Parkinson's syndrome.
Results
Selection of patients
To identify the persistence period of anti-PD drug, 9157 patients aged 40 years or older and who had been prescribed anti-PD drugs from the same single class without switching to/combination with other classes excepting levodopa were selected. The mean ± SD age of the selected patients was 72.9 ± 10.3 years and 46.3% were male.
The number of patients treated with each anti-PD drug class in the analysis of each PD-relevant symptom is shown in Table 3 .
Association between anti-PD drugs and incidence of PD-relevant symptoms
The hazard ratios for anti-PD drugs in different classes compared with those for zonisamide in PD-relevant symptoms adjusted by age and sex are shown in Table 3 .
Mental and psychiatric symptoms
The hazard ratio of dementia was significantly lower in patients treated with zonisamide than COMT inhibitor, anticholinergics, and amantadine (hazard ratios of 4.800, 2.850, and 2.974, respectively, all P < .05) ( Fig. 2A) . Compared with other classes, zonisamide also tended to show a generally lower hazard ratio of dementia.
The hazard ratio of depression was significantly higher in patients treated with zonisamide than MAO-B inhibitor (hazard ratio: 0.302, P < .05). The hazard ratio of insomnia was significantly lower in patients treated with zonisamide than eDAs, anticholinergics, and droxidopa (hazard ratios of 1.619, 2.035, and 1.561, respectively, all P < .05) (Fig. 2B ).
Other than mental and psychiatric symptoms
Compared with droxidopa, zonisamide had a significantly lower hazard ratio of orthostatic hypotension and constipation, with hazard ratios of 9.854 and 1.501, respectively (both P < .05).
The hazard ratio of limb fracture was significantly lower for zonisamide than for anticholinergics (hazard ratio: 2.639, P < .05). Compared with other drug classes, zonisamide tended to show a generally lower hazard ratio of limb fracture.
The hazard ratio of aspiration pneumonia was significantly higher for zonisamide than for non-eDAs and MAO-B inhibitor (hazard ratios of 0.350 and 0.388, respectively, both P < .05).
The hazard ratio of gastric ulcer significantly lower in patients treated with zonisamide than eDAs, droxidopa, and amantadine Other specified diseases of stomach and duodenum K52. 8 Other specified noninfective gastroenteritis and colitis K93.8
Disorders of other specified digestive organs in diseases classified elsewhere ICD-10; International Classification of Disease 10th revision, PD; Parkinson's disease.
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(hazard ratios of 2.129, 1.881, and 1.691, respectively, all P < .05) (Fig. 2C ).
Discussion
In this study, we performed survival analyses to compare the incidence of PD-relevant symptoms with zonisamide use to other anti-PD drug classes, which are typically used as the second line therapy after levodopa, based on real-world data in Japan. The hazard ratios of dementia, insomnia, and gastric ulcer in PD patients treated with zonisamide were significantly lower than with 3 of 7 other anti-PD drug classes. Zonisamide also showed significant lower risk in the incidence of orthostatic hypotension, constipation, and limb fracture; and higher risk in the incidence of depression and aspiration pneumonia than at least one of the other drug classes. Although we cannot infer causality, we provide some literature reviews of each association in the following discussion.
Association between anti-PD drugs and incidence of dementia
The hazard ratio of dementia was lower for zonisamide than for other drug classes. Incidence of dementia developed in PD patients was reported 60% to 80% within 12 to 20 years after the first diagnosis of PD [18, 19] . Moreover, it preceded death by 3.3 years on average despite of PD duration [20] . Therefore, dementia is considered as a crucial complication in PD.
In the rat medial prefrontal cortex, zonisamide moderately increased dopamine release [21] and the moderate increase of catecholamine such as dopamine and norepinephrine there is likely to be associated with improved cognitive functions [22] , suggesting that zonisamide might have a potential for improving cognitive functions. Additionally, several preclinical studies reported that zonisamide might inhibit neurodegeneration [13, 14] , and a clinical observational study reported that zonisamide could delay presynaptic denervation of the nigrostriatal pathway in patients with relatively early-stage PD [15] , Patients with PD n = 31,365
Patients diagnosed with any of ICD-10 codes G21-G23 n = 1,237
Patients analyzed in this study n = 9,157
Patients who did not meet either of following criteria: 1) ≥40 years of age at the first diagnosis of PD. 2) prescription of anti-PD drugs from the same single class without switching to/ combination use with other classes except levodopa. n = 22,208
Patients for analyzing the association between anti-PD drugs and the incidence of PDrelevant symptoms. Number of patients depended on symptom/drug.
Patients who had PD-relevant symptoms before the index date of anti-PD drugs were excluded. Number of patients depended on symptom/drug.
Patients diagnosed with ICD-10 code G20 n = 32,602 Table 3 Hazard ratios of age, sex, and anti-PD drugs in different classes compared with zonisamide for PD-relevant symptoms. 
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possibly leading to a delay in progression of cognitive dysfunction. However, there has been no report that zonisamide symptomatically ameliorates or delay cognitive dysfunction in PD patients. On the other hand, cognitive impairment can also develop as a side effect of drugs. Zonisamide did not significantly increase the development of cognitive impairment compared with placebo in clinical trials [8, 9] , thereby indicating that zonisamide may be related to a reduction in the development of such symptoms more notably than other anti-PD drugs. Also, the observed associations may be explained by the feature of each comparative drug. Anticholinergics are thought to impair cognitive function [23] . COMT inhibitor and amantadine are reported to be beneficial for cognitive function [24] [25] [26] [27] ; consequently, physicians may tend to prescribe COMT inhibitor and amantadine for patients with a risk of dementia, resulting in a higher hazard ratio.
Association between anti-PD drugs and incidence of insomnia or gastric ulcer
Zonisamide use was implicated to result in a lower risk of developing insomnia or gastric ulcer than 3 of 7 other anti-PD drug classes.
Insomnia is known as a sleep disturbance in PD patients as well as a side effect of medication [28] . Brunner et al. reported that dopaminergic medication including levodopa and cabergoline increased the number of awakening and duration of stage 1 sleep, by comparing between pre-medication and post-medication in the de novo PD patients [29] . Anticholinergics such as trihexyphenidyl and biperiden decreased REM sleep and/or increase wakefulness in rats [30] . In contrast, zonisamide has both dopaminergic and non-dopaminergic activities [10] [11] [12] [13] [14] . Thereby its multi-mechanism of action may result in a lower risk of developing insomnia compared with other drug classes.
With respect to gastric ulcer as well as duodenal ulcer, there was a controversy over their associations with dopamine agonists. Desai et al. reported the opposite ulcerogenic effects by dopamine receptor subtype [31] . Although gastrointestinal ulcer is listed as an adverse effect in labeling information of some dopaminergic medications including levodopa and bromocriptine, no prospective or systematic studies has not been reported about the base frequency and its associations with PD medications. Therefore, this study could provide a new insight on this topic.
Association between anti-PD drugs and incidence of depression or aspiration pneumonia
In our study, zonisamide use was implicated to result in a higher risk of depression than MAO-B inhibitor use; however, the hazard ratios of depression did not vary much between zonisamide and other anti-PD drug classes excepting the MAO-B inhibitor. Selegiline hydrochloride was the only MAO-B inhibitor approved for PD in Japan during the study period, and has been reported to be associated with clinical antidepressant effects in patients with major depression in a few clinical trials [32, 33] . This may explain the lower hazard ratio of the MAO-B inhibitor than zonisamide as well as the other anti-PD drug classes.
Zonisamide use was also implicated to result in a higher risk of aspiration pneumonia than non-eDA or MAO-B inhibitor use. Generally, the incidence of dysphagia increases as PD progresses, possibly resulting in aspiration pneumonia [6, 34] . Non-eDAs are recommended as an option for the first-line therapy of PD in the Japanese practice guideline for PD [6] , and MAO-B inhibitor is used as a monotherapy agent, resulting in treatment of relatively mild PD. On the other hand, zonisamide was approved as an adjunct to levodopa, and thus it may be prescribed more often for the advanced PD than non-eDAs or MAO-B inhibitor, resulting in a higher hazard ratio for aspiration pneumonia.
Association between anti-PD drugs and incidence of orthostatic hypotension
Droxidopa use was found to result in a much higher risk of orthostatic hypotension than zonisamide use. In Japan, droxidopa is also available for treating vertigo, dizziness, and weakness, which are associated with orthostatic hypotension, in hemodialysis patients. Therefore, clinicians may tend to prescribe droxidopa rather than zonisamide and other anti-PD drugs to patients with those symptoms, possibly leading to the diagnosis of orthostatic hypotension.
Comparison with previous similar studies
No study has reported the association between the use of zonisamide and the incidence of PD-relevant symptoms in comparison with other anti-PD drugs. Nakaoka et al. analyzed claims data that was collected from January 2005 to November 2010 and reported about zonisamide use [35] . However, they mainly reported the prescribing trends of zonisamide as well as other anti-PD drugs. Our study used more recent data from April 2008 to December 2014, and explored the associations between PD-relevant symptoms and the use of zonisamide compared with other anti-PD drugs. As these associations have not been analyzed before, our exploratory study is unique. Notably, a lower risk of PD-related dementia was found to be associated with the use of zonisamide compared with other anti-PD drug classes. This result from a real-world data analysis might contribute to the research and the improvement of PD treatment in the future.
Limitations
In this study, patients in each group may have different attributes and clinical histories that might influence prescribing patterns and incidence of symptoms. However, the directions of associations were consistently in favor of zonisamide for dementia, insomnia and gastric ulcer (7/7 for dementia, 6/7 for insomnia and 7/7 for gastric ulcer), indicating the unique potential of zonisamide.
The claims data used in this study was collected from DPC hospitals with the limited number (approximately 10% of all hospitals) including relatively large hospitals. However, most PD patients visit those hospitals, which use DPC system, therefore, we assumed that the study population correctly reflects the general PD population in Japan. On the other hand, because of the exploratory nature of our study, we did not correct for multiple testing of hazard ratios. Thus, the statistical significance of hazard ratios was susceptible to alpha error.
We used the records of diagnoses in this database to define PD patients and those who developed PD-relevant symptoms, but did not confirm the accuracy of diagnoses by other sources such as medical records. Therefore, the diagnosed patients may include those who were not actual patients of the disease. These potential wrong diagnoses could affect the accuracy of the results and may cause biases.
Conclusions
This study used real-world data from a claims database to analyze the association between the incidence of PD-relevant symptoms and anti-PD drugs. Zonisamide was associated with a lower risk of dementia, insomnia, and gastric ulcer in PD patients compared with 3 of 7 other non-levodopa anti-PD drugs. For these three symptoms, the direction of the hazard ratio was mostly consistent in the remaining 4 classes, and thus may be interesting for further investigations.
